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1
PROJECTION APPARATUS CAPABLE OF
CHANGING PROJECTION LENS AND
NON-TRANSITORY COMPUTER-READABLE
STORAGE MEDIUM THAT STORES
PROGRAM TO BE EXECUTED BY
PROJECTION APPARATUS

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to a projection apparatus
capable of changing a projection lens.

2. Description of the Related Art

Conventionally, there is a projection apparatus that is
capable of changing a projection lens (hereinafter, referred to
as a lens). However, an appropriate projection setting in
accordance with characteristics of the lens is not considered.
Therefore, the readjustment in accordance with the charac-
teristics of the lens after changing the lens, particularly the
setting related to a lens shift amount is left to a user. For
example, Japanese Patent Laid-Open No. 2001-215610 dis-
closes a method of detecting whether or not a shift amount
between an image axis that is a center of an image and a lens
optical axis that is a center of the lens is over a certain value
using a distance sensor.

However, in the detection method disclosed in Japanese
Patent LLaid-Open No. 2001-215610, there is a possibility that
projection light after changing the lens does not normally
enter the lens even when a position of the lens is in a normal
range before changing the lens. As a result, there is a case
where an image is not formed on a screen and any screen
message is not displayed. Therefore, a reference position
needs to be set for each lens so that an appropriate projection
is possible.

SUMMARY OF THE INVENTION

The present invention provides a projection apparatus that
moves a lens to a reference position in accordance with a type
of the lens when the lens is changed.

A projection apparatus as one aspect of the present inven-
tion is a projection apparatus capable of changing a lens, and
includes a lens shift unit configured to move a mounted lens
to a reference position in accordance with the mounted lens
when the lens is changed.

A non-transitory computer-readable storage medium as
another aspect of the present invention stores a program con-
figured to be executed by a projection apparatus capable of
changing a lens, the program includes a lens shift step of
moving a mounted lens to a reference position in accordance
with the mounted lens when the lens is changed.

Further features and aspects of the present invention will
become apparent from the following description of exem-
plary embodiments with reference to the attached drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a configuration diagram of a main part of a
projection apparatus in Embodiment 1.

FIG. 2 is a schematic configuration diagram of a projection
apparatus in the embodiments.

FIG. 3 is a flowchart of illustrating a processing procedure
at the time of changing a lens in Embodiment 1.

FIGS. 4A and 4B are schematic diagrams of a lens ID
device in Embodiment 1.

FIG. 5 is a schematic diagram ofillustrating an optical path
of a lens apparatus in Embodiment 1.
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2

FIG. 6 is a schematic diagram of illustrating an image
circle of the lens apparatus in Embodiment 1.

FIGS. 7A and 7B are schematic diagrams of illustrating a
difference of the image circle in accordance with the lens
apparatus in Embodiment 1.

FIG. 8 is a schematic diagram of illustrating a movable
range of the lens apparatus in Embodiment 1.

FIGS. 9A and 9B are schematic diagrams of illustrating an
inappropriate state of the lens apparatus that is to be caused by
a lens shift in Embodiment 1.

FIGS. 10A and 10B are schematic diagrams of illustrating
the movable range of the lens apparatus in Embodiment 1.

FIG. 11 is a configuration diagram of a main part of a
projection apparatus in Embodiment 2.

FIG. 12 is a schematic diagram of menu items that are
displayed by a lens ID input unit in Embodiment 2.

FIG. 13 is a flowchart of illustrating a processing procedure
at the time of changing a lens in Embodiment 2.

FIGS. 14A and 14B are diagrams of describing a case in
which the projection apparatus is tilted with respect to a
projection plane in Embodiment 1.

FIGS. 15A and 15B are schematic diagrams of a deformed
shape in the case in which the projection apparatus is tilted
with respect to the projection plane in Embodiment 1.

DESCRIPTION OF THE PREFERRED
EMBODIMENTS

Exemplary embodiments of the present invention will be
described below with reference to the accompanied drawings.
In each of the drawings, the same elements will be denoted by
the same reference numerals and the duplicate descriptions
thereof will be omitted.

First of all, referring to FIG. 2, an entire configuration of a
projection apparatus in the embodiment of the present inven-
tion will be described. FIG. 2 is a schematic configuration
diagram of the projection apparatus in the present embodi-
ment. Reference numeral 201 denotes a projection apparatus
that is capable of changing a lens, and reference numeral 202
denotes a projection plane such as a screen. Reference
numeral 203 denotes a connector terminal that inputs an
image signal to the projection apparatus 201, which is for
example a pin plug terminal, a D-Sub terminal, an HDMI
terminal, or a DVI terminal. The image signal such as a video
signal, a component signal, an analog RGB signal, an HDMI
signal, or a digital RGB signal is inputted to the connector
terminal 203. A decoder circuit 204 performs a signal pro-
cessing such as a synchronizing separation or an analog-to-
digital conversion (A/D conversion) that is required for each
of kinds of signals for a plurality of image signals inputted
from the connector terminal 203. Reference numeral 205
denotes a signal selecting circuit, which selects an image
signal to be projected.

The image signal selected by the signal selecting circuit
205 is inputted to an image processing circuit 206. The image
processing circuit 206 performs various kinds of image pro-
cessings such as an interlaced/progressive conversion, a
frame rate conversion, a resolution conversion, an aspect
conversion, or a color correction, for the inputted image sig-
nal. In this time, the image processing circuit 206 uses a frame
memory 207 as a work region if necessary. An image over-
laying circuit 208 overlays an on-screen display (OSD) onto
an image signal for which the image processing has been
performed by the image processing circuit 206. The OSD
display means a display such as a menu, a pointer, or a
message, and the image overlaying circuit 208 superimposes
the OSD display on the image signal.
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Reference numeral 209 denotes a panel driver, which pro-
vides a timing signal and an image signal to a liquid crystal
panel (an optical modulation element, or an image display
element) 210 to drive the liquid crystal panel 210. The liquid
crystal panel converts an electric image signal for each color
component of for example R, G, and B into a two-dimen-
sional image. As the liquid crystal panel 210, a transmissive
or reflective liquid crystal, a mirror device, or the like is used.

Reference numeral 216 denotes a lamp unit, which is a
light source for the liquid crystal panel 210. Reference
numeral 219 denotes a lens unit, which is held by a lens
holding apparatus 217. Reference numeral 220 denotes a
focus/zoom adjustment apparatus, which moves the lens unit
219 in an optical axis direction. Reference numeral 218
denotes a lens shift apparatus (a lens shift unit), which moves
the lens unit 219 so that the image can be movable up, down,
right, or left. A focusing or a zoom adjustment is performed
by the lens unit 219 for the image formed on the liquid crystal
panel 210 to be projected onto the screen 202. Reference
numeral 215 denotes a ballast unit that supplies an electric
power to the lamp unit 216 while controlling a voltage. Ref-
erence numeral 214 denotes a power supply unit that gener-
ates an electric power that is a source of the electric power
supplied by the ballast unit 215 and that supplies the electric
power to the projection apparatus 201.

The projection apparatus 201 is provided with an operation
input unit 211 that receives an operation input by a user. The
operation input unit 211 is capable of controlling the projec-
tion apparatus 201 by a key device provided on the body of the
projection apparatus 201 or a key operation with a remote
control (not shown) or a command operation from a remote
control (not shown).

Each component described above is controlled by a control
signal or data from a system controller 213. The system
controller 213 is a processor unit capable of a program con-
trol, which is provided with a CPU (a processor), a RAM, a
ROM, and the like, and the system controller 213 is coupled
to each component via an internal line 221 provided with a
system bus or an I/O device. The system controller 213 also
obtains information from each component and controls each
component. Reference numeral 212 denotes a storage unit
that stores various kinds of information such as an internal
state, a usage history, or an adjustment parameter of the
projection apparatus 201.

Embodiment 1

Next, a projection apparatus in Embodiment 1 of the
present invention will be described. FIG. 1 is a configuration
diagram of a main part of the projection apparatus in the
present embodiment. In FIG. 1, reference numeral 101
denotes a projection apparatus capable of changing a lens,
reference numeral 102 denotes a projection plane such as a
screen. The projection image or the projection video is
formed by an electric-optical modulation apparatus of the
liquid crystal panel 103. A focusing and a zooming operation
are performed by the lens apparatus 104 for the formed
image. The lens apparatus 104 includes one or more lens units
105, and is capable of performing an optical focus adjustment
and a magnification-varying adjustment. A focus/zoom
adjustment apparatus 106 can move a necessary lens of the
lens unit 105.

The lens apparatus 104 is connected to the projection appa-
ratus 101 by the lens holding apparatus 113. A lens shift
apparatus 112 moves the lens holding apparatus 113 in order
to move the image on the projection plane 102 up, down,
right, or left. In other words, the lens holding apparatus 113
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moves the lens apparatus 104 up, down, right, or left so that
the image is movable up, down, right, or left. However, the
movement of the projection image to the up, down, right, or
left may be performed by a method of moving a part of lenses
used for the shift, provided in the lens apparatus 104, as well
as a method of moving whole of the lens apparatus 104.
Alternatively, a method of moving a member at an upstream
optical path side that is configured by the liquid crystal panel
103 and an optical path unit (not shown) can also be used.

Subsequently, referring to FIG. 3, a processing procedure
at the time of changing the lens (the lens apparatus 104) will
bedescribed. This processing procedure is stored for example
in a storage medium or a storage unit inside the projection
apparatus as a program that is executed by the projection
apparatus capable of changing the lens. FIG. 3 is a flowchart
of illustrating the processing procedure at the time of chang-
ing the lens in the present embodiment. In FIG. 3, first of all,
in Step S301, a lens ID determination unit 108 (a lens infor-
mation determination unit) reads a lens ID (lens information)
from a lens ID device 107. Thus, the lens ID determination
unit 108 determines the lens information of the mounted lens.
As the lens ID, any configuration can be adopted as long as it
has a mechanism that is capable of determining the type of the
lens (the lens apparatus 104). For example, the lens ID may be
identification by using an electric short, or it may be read from
the ROM that is provided in the lens apparatus 104. The lens
information (the lens ID) means a type, a name, a part num-
ber, or the like of the lens, but the present embodiment is not
limited to this. The lens information may be a mark or a code
that can specify the lens, other than the information described
above, and it may also be information related to the perfor-
mance such as a focal length, an F-number, or a range in
which the lens can be shifted.

FIGS. 4A and 4B are schematic diagrams as one example
of'the lens ID device 107 in the present embodiment, and FIG.
4A is a specific example of the electric short. As illustrated in
FIG. 4A, there are five short pins in the lens ID device 107,
and the lens ID determination unit 108 can read the short state
of the lens ID device 107 to determine the type of the lens
apparatus 104. In FIG. 4A, terminals “a” and “b”, and termi-
nals “a” and “d” of a lens ID device connector are electrically
shorted, respectively. When a short state is denoted by “ON”
and an open state is denoted by “OFF”, the states of the
terminals b, ¢, d, e, and f are ON, OFF, ON, OFF, and OFF,
respectively. The combination of ON and OFF is different in
accordance with the type of the lens apparatus 104, and there-
fore the type of the lens apparatus 104 can be determined.

FIG. 4B is a schematic diagram as another example of the
lens ID device 107, which illustrates the lens ID device 107
that is configured by including a ROM (a storage unit). In the
ROM of the lens ID device 107, a lens ID (0000) and a focal
length (0002) are stored in a predetermined address. The lens
ID determination unit 108 can read the lens ID stored in the
ROM that is provided in the mounted lens apparatus 104 to
determine the type of the lens apparatus 104. In order to
operate the ROM, the lens ID determination unit 108 includes
a connector or an electric contact for the lens ID device 107,
which has a circuit configuration capable of supplying an
electric power and a performing a bus connection.

Next, in Step S302, the lens ID determination unit 108
determines whether or not the lens ID has been read. When
the lens ID has not been read, the flow proceeds to Step S306.
On the other hand, when the lens ID has been read, the flow
proceeds to Step S303. In Step S303, a lens replacing deter-
mination unit 109 reads a previously stored lens ID (alens ID
of'a previously mounted apparatus 104, or a lens ID of a lens
apparatus 104 before the change) from a lens ID storage unit
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110 (alens information storage unit). The lens ID storage unit
110 stores the lens ID (the lens information) before changing
the lens, including a case where the lens is not mounted.

Subsequently, in Step S304, the lens replacing determina-
tion unit 109 (a comparison unit) compares the lens ID read
from the lens apparatus 104 with the lens ID read from the
lens ID storage unit 110 to determine whether the lens has
been changed. As a result of the comparison, the lens replac-
ing determination unit 109 determines that the lens has not
been changed when the lens 1D is identical, and the lens shift
apparatus 112 does not move the lens apparatus 104 to pro-
ceed to Step S306 and the lens ID read from the lens apparatus
104 is stored. In this case, since the lens ID is identical, no new
storage operation is performed. On the other hand, when the
lens ID is different as a result of the comparison, the lens
replacing determination unit 109 determines that the lens
apparatus 104 has been changed and the flow proceeds to Step
S305. Thus, the lens replacing determination unit 109 com-
pares the lens ID stored in the lens ID storage unit 110 with the
lens ID of the mounted lens determined by the lens ID deter-
mination unit 108. When the lens ID of the mounted lens
determined by the lens ID determination unit 108 is different
from the lens ID stored in the lens ID storage unit 110, the lens
replacing determination unit 109 determines that the lens has
been changed.

In Step S305, the lens shift apparatus 112 moves the lens
apparatus 104 (a lens unit 105) in an appropriate direction
(up, down, right, and left) in accordance with the type of the
lens apparatus 104. In this time, the lens shift apparatus 112
moves the lens apparatus 104 (the lens unit 105) by a move-
ment amount required for the movement to a reference posi-
tion set by a movement amount calculating unit 111. Thus,
when the lens is changed, the lens shift apparatus 112 moves
the mounted lens (the changed lens) to the reference position
in accordance with the mounted lens.

Hereinafter, the reference position and the movement
amount (a lens moving mount) that are set by the movement
amount calculating unit 111 will be described. First of all, a
concept of an original movement amount of the lens shift
apparatus 112 is described. FIG. 5 is a schematic diagram of
illustrating an optical path of the lens apparatus in the present
embodiment. As illustrated in FIG. 5, image light 601 formed
by the liquid crystal panel 103 (FIG. 1) enters the lens appa-
ratus 104 to form an image on the projection plane 102. In this
time, there is a region in which the image light 601 entering
the lens apparatus 104 passes through the lens apparatus 104
appropriately in terms of a light fall-off, a color separation, a
distortion, a field curvature, and the like, i.e. a region called an
image circle. The limitation of the movement amount of the
lens shift is a movement amount where the image light 601
can pass the inside of this image circle without failure, or
without being blocked.

FIG. 6 is a schematic diagram of illustrating the image
circle of the lens apparatus in the present embodiment, which
represents a concept of the image circle from a view point on
an optical axis. In FIG. 6, reference numeral 701 denotes an
image circle, reference numeral 702 denotes a region that the
image light 601 (a shaded area) passes, which is an inside of
the image circle 701. The region 702 is a range in which the
image light 601 is movable. The region 702 is originally
designed so that the image light 601 is not protruded from the
image circle 701. As illustrated in FIG. 6, the region 702 is
generally limited to a predetermined area. A range indicated
by an arrow in FIG. 6 (the region 702) is a movable range of
the lens shift apparatus 112. The lens apparatus 104 actually
moves in the present embodiment, but for convenience, the
embodiment is represented so that the image light 601 moves.
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Next, the change of the movable range (the region 702)
when the lens apparatus 104 is changed will be described.
FIGS. 7A and 7B are schematic diagrams of illustrating the
difference of the image circle in accordance with the type of
the lens apparatus, and the image circles for two types of
lenses are represented in FIGS. 7A and 7B. Reference
numeral 811 in FIG. 7A denotes an image circle of a first lens
apparatus, and reference numeral 821 in FIG. 7B denotes an
image circle of a second lens apparatus. In both the first lens
apparatus and the second lens apparatus, image lights 601 that
pass inside the apparatus has the same size. However, since
the image circles in the first lens apparatus and the second lens
apparatus are different from each other, the difference of the
movable ranges of the image light 601 is generated. Refer-
ence numeral 812 denotes a region as a movable range of the
first lens apparatus. Reference numeral 822 denotes a mov-
able range of the second lens apparatus. As illustrated in
FIGS.7A and 7B, when the lens apparatus 104 is changed, the
difference of the movable range is generated since the image
circle is different in accordance with optical characteristics.

Specifically, the movable range (the region 702) can be
calculated as illustrated in FIG. 8. FIG. 8 is a schematic
diagram of illustrating the movable range of the lens appara-
tus. In FIG. 8, the movable range is set to have a rectangle
shape with respect to an optical axis center O(0,0) of the lens
apparatus, and four edge points of the movable range are set
to be A(xa,ya), B(xb,yb), C(xc,yc), and D(xd,yd). Each of the
points A, B, C, and D has a different value in accordance with
the lens apparatus, and the value can be specified by deter-
mining the type of the lens apparatus 104 by the lens ID
device 107. For example, the movement amount calculating
unit 111 can previously store the points A, B, C, and D in
accordance with the type of the lens apparatus 104, i.e. the
points A, B, C, and D suitable for the lens apparatus 104.
When the lens ID device 107 is configured by a ROM, the
points can also be stored as data in this ROM. The position
and the size of the image light 601 are values that are fixed for
each projection apparatus 101, which can be stored by the
movement amount calculating unit 111. As illustrated in FI1G.
8, the position and the size of the image light 601 are repre-
sented by points S(xs,ys), T(xt,yt), U(xu,yu), and V(xv,Xy).

Next, an inconvenience that is generated by changing the
lens will be described. FIGS. 9A and 9B are schematic dia-
grams of illustrating an inappropriate state of the lens appa-
ratus that can be caused by the lens shift, which describe the
protrusion of the image light 601 from the image circle by
changing the lens. As illustrated in FIG. 9A, the image light
601 moves inside a region 1012 that is a movable range for an
image circle 1011 of the first lens apparatus. In this state,
when the first lens apparatus is replaced with the second lens
apparatus having a second image circle 1021, there is a case in
which the image light 601 is protruded from the image circle
1021 (FIG. 9B). Ifthe projection is performed in this state, the
image light 601 does not normally reach the projection plane
102, non-projection, abnormal decrease or decline of periph-
eral light amount, generation of extreme chromatic aberra-
tion, extreme peripheral curvature, or the like may be caused.

Inthis case, in order that the image light 601 is contained in
the region 1022 that is the movable range, the reference
position needs to be defined so that the point V2 is overlapped
with the point D2 to be moved. This is represented as a
calculation expression using marks in FIG. 8, i.e. xa is sub-
stituted into xs when xs<xa is met, xb is substituted into xt
when xt>xb is met, yb is substituted into yt when yt>yb is met,
and yc is substituted into yu when yu<yc is met.

A predetermined reference position may also be previously
set 5o as to be moved to the reference position. For example,
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it is possible that the position where a lens shift amount is zero
is set to be the reference position. The calculation expression
in this case is a position where yt=0 and Ixt|=Ixs| are met in
the setting called vertical shift of 50% and horizontal shift of
0%. It is a position where lytl=Iyul and Ixt|=Ixs| are met in the
setting called vertical and horizontal shift of 0%.

As described above, the movement amount calculating unit
111 sets the reference position to include the image light 601
in the region 702 that is the movable range to calculate the
movement amount. In the present embodiment, the region
702 that is the movable range is set to have a rectangle shape,
but as illustrated in FIGS. 10A and 10B, other shapes such as
a octagon shape (a region 1112 in FIG. 10A), a hexagonal
shape (a region 1122 in FIG. 10B), a circle, or another shape
may also be set. When the image light is protruded from the
image circle of the changed lens, the lens shift apparatus 112
moves the lens by the movement amount calculated by the
movement amount calculating unit 111. In other words, the
lens shift apparatus 112 moves the lens to the reference posi-
tion so that an optical axis of the lens comes close to a normal
that passes through a center of the liquid crystal panel 103.

When a projection optical axis of the lens apparatus 104 is
not vertical with respect to the projection plane 102, the
projection image on the projection plane 102 becomes a dis-
torted rectangle. FIGS. 14A and 14B are diagrams of describ-
ing a case in which the projection apparatus is tilted with
respect to the projection plane, and FIG. 14A illustrates one
example of a distortion of a image region when a projection
apparatus 101a in which a center of the liquid crystal panel
coincides with a lens optical axis is tilted in an upward direc-
tion. As illustrated in FIG. 14A, in the projection apparatus
1015 that is tilted in the upward direction, an image region
102a on the projection plane 102 is deformed to be an image
region 1025. FIG. 14B illustrates one example of the distor-
tion of the image region when a projection apparatus 101s in
which the center of the liquid crystal panel is displaced by a
half height from the lens optical axis is tilted in the upward
direction (a projection apparatus 101¢). As illustrated in FIG.
14B, an image region 102s on the projection plane 102 is
deformed to be an image region 102¢. A method of electrically
correcting this shape is called a Keystone correction or a
trapezoidal correction. Such a correction is performed by an
image processing circuit 206 in the projection apparatus 201
illustrated in FIG. 2. An amount of Keystone correction (an
amount of trapezoidal correction) can be obtained by a geo-
metric calculation based on a position relation between the
lens unit 219 and the image light passing through the lens unit
219 (a displacement of the optical axis of the lens and the
center of the liquid crystal panel, and a projection field angle)
and a tilt angle.

However, in order to reduce the calculation time, there is a
case in which a simplified calculation using a parameter table
is performed. For example, a lens shift position that is used
most frequently for each lens is assumed. When the lens is
assumed to be frequently used on a desk, the lens shift posi-
tionis set to 50% (substantially a half of the screen). When the
lens is assumed to be frequently used in a back projection, the
lens shift position is set to 0% (the corrections of the optical
axis of the lens and the center of the liquid crystal panel are
substantially the same). FIGS. 15A and 15B are schematic
diagrams of deformed shapes in this case, and FIG. 15A
illustrates a distorted shape when the projection apparatus of
FIG. 14A is used, and FIG. 15B illustrates a distorted shape
when the projection apparatus of FIG. 14B is used. Assuming
the distorted shape as illustrated in FIGS. 15A and 15B, the
parameter table is prepared to correct the distorted shape to be
a rectangular shape. FIGS. 15A and 15B are one example of
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the deformation, and therefore the present embodiment is not
limited to this. In the present embodiment, with respect to the
projection field angle that is another parameter, more appro-
priate correction data is generated by an additional calcula-
tion based on parameter table data and field angle informa-
tion. In the above configuration, when the type of the lens is
changed, the parameter table needs to be replaced. Further-
more, since the parameter table can perform the exact correc-
tion at the lens shift position assumed for each lens, the lens
shift position needs to be moved to a desired position (a
reference position). Since it is preferred that the Keystone
correction be performed again when the parameter table is
replaced, the amount of the Keystone correction is tentatively
returned to zero at the same time. This processing is per-
formed in Step S305 of FIG. 3. Thus, the lens shift apparatus
112 moves the lens apparatus 104 (the lens unit 105) to the
reference position so as to perform the Keystone correction of
the projection image based on a predetermined parameter
table.

The lens ID determination unit 108, the lens replacing
determination unit 109, the lens ID storage unit 110, and the
movement amount calculating unit 111 in FIG. 1 correspond
to the system controller 213 and the storage unit 212 in FIG.
2.

Embodiment 2

Next, a projection apparatus in Embodiment 2 of the
present invention will be described. FIG. 11 is a configuration
diagram of a main part of the projection apparatus in the
present embodiment. As illustrated in FIG. 11, in the projec-
tion apparatus of the present embodiment, a lens ID input unit
1208 (an operation input unit) is provided instead of the lens
ID determination unit 108 of Embodiment 1. The method of
automatically determining the lens ID is used in Embodiment
1, and on the other hand, a method of determining the lens ID
based on the input of the lens ID (the lens information) by a
user using the lens ID input unit 1208 is used in the present
embodiment.

The user can perform a menu-driven instruction input by
the lens ID input unit 1208 provided on the projection appa-
ratus 101 (the operation input unit 211 and the image over-
laying circuit 208 of the projection apparatus 201). FIG. 12 is
a schematic diagram of menu items that are displayed by the
lens ID input unit 1208 in the present embodiment. The user
selects the menu items as illustrated in FIG. 12 to specify the
mounted lens apparatus. For example, in FIG. 12, the lens
apparatus for which “ZOOM 0017 is displayed is specified.
After the lens apparatus is specified, the projection apparatus
of the present embodiment performs a processing similar to
that of Embodiment 1.

Inthe present embodiment, it is preferred that a new lens ID
be specified before changing the lens. Hereinafter, referring
to FIG. 13, a flow of the processing to previously set the lens
ID will be described. FIG. 13 is a flowchart of illustrating a
processing procedure at the time of changing the lens of the
present embodiment. First of all, in Step S1401, the user
selects the menu item as illustrated in FIG. 12 using the lens
1D input unit 1208 (FIG. 11) to specify the lens ID. This lens
1D includes information by which the type of the lens can be
determined. For example, the information is a model name or
a part number of the lens, field angle information, an indi-
vidual ID, a previously-added number, or the like.

Next, in Step S1402, the lens replacing determination unit
109 reads a previously-stored lens ID (a lens ID of a lens
before the change) from the lens ID storage unit 110. The lens
1D storage unit 110 stores the lens ID before the change (the
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current lens ID), including a case in which any lens is
mounted. Subsequently, in Step S1403, the lens replacing
determination unit 109 compares the lens ID specified by the
lens 1D input unit 1208 with the lens ID read from the ID
storage unit 110 to determine whether or not the lens will be
changed (whether or not the lens has been changed). When
the lens ID is identical, the lens will not be changed (the lens
has not been changed) and therefore the flow proceeds to Step
S1405. In Step S1405, the lens ID storage unit 110 stores the
lens ID. Since the lens ID does not change in this case, the
storage operation of the lens ID does not have to be per-
formed.

When the lens replacing determination unit 109 detects the
change of the lens in Step S1403, the lens shift is performed
in Step S1404. In this case, the movement amount calculating
unit 111 defines the reference position and instructs a neces-
sary movement amount to the lens shift apparatus 112, and the
lens shift apparatus 112 moves the lens apparatus 104 (the
lens unit 105) based on the instruction. In accordance with the
relation of the size of the image circle, the movement amount
calculating unit 111 may calculate the necessary movement
amount to be zero. The lens ID input unit 1208, the lens
replacing determination unit 109, the lens storage unit 110,
and the movement amount calculating unit 111 in FIG. 11
correspond to the system controller 213, the storage unit 212,
and the operation input unit 211 of FIG. 2.

The method of specifying the lens ID is described in
Embodiments 1 and 2, but the change of the lens can be only
detected and instructed without specitying the lens ID to be
moved to a reference position in accordance with the lens
apparatus (a reference position suitable for the lens appara-
tus). In Embodiments 1 and 2, the lens shift apparatus 112 is
a mechanism that moves the lens apparatus 104, and the
mechanism itself can also be provided inside the lens appa-
ratus 104.

Embodiment 3

Next, a projection apparatus in Embodiment 3 of the
present invention will be described. The projection apparatus
of the present embodiment includes a unit that detects the
change of the lens and moves a mounted lens to a reference
position in accordance with the mounted lens (a reference
position suitable for the mounted lens) when the change of the
lens is detected, instead of comparing the lens IDs as
described in Embodiment 1.

First of all, the lens ID determination unit 108 as a detector
determines whether or not there is a terminal that is in a short
state of the terminals of the lens ID device 107. When the
terminal in the short state does not exist, the lens ID determi-
nation unit 108 determines that the lens is not mounted or the
lens is removed. When the state of any terminal is changed to
the short state from the state where no terminal in the short
state exists, the lens ID determination unit 108 determines
that the lens is mounted. Then, the lens shift apparatus 112
moves the mounted lens to the reference position calculated
by the movement amount calculating unit 111 in accordance
with the mounted lens.

In this case, if the movement amount calculating unit 111
can obtain the characteristics of the mounted lens, it calcu-
lates the reference position in accordance with the character-
istics of the mounted lens. On the other hand, if the movement
amount calculating unit 111 does not obtain the characteris-
tics of the mounted lens, a reference position previously set to
the projection apparatus is adopted.

In the present embodiment, the lens ID device 107 that has
a short pin as a detector is used, but the present embodiment
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is not limited to this and a switch or a sensor may also be used.
For example, when a switch that indicates an ON-state in a
state where the lens is mounted and that indicates an OFF-
state in a state where the lens is removed, the change of the
switch from the OFF-state to the ON-state is detected to shift
the mounted lens. As another example of the present embodi-
ment, when a configuration in which a cover, a door, or the
like is opened and closed in mounting and removing the lens
is adopted, the lens shift apparatus 112 may move the
mounted lens to the reference position by the detection of the
opening or closing of the cover.

As another example, a configuration in which the drive of
the lens shift apparatus 112 is detected or a configuration in
which the movement of the lens apparatus 104 is detected can
also be adopted to drive the lens shift apparatus 112 to deter-
mine the remove and the mount or the change of the lens,
based on an operation resistance, an operation speed, a move-
ment detection, or the like.

According to each of the above embodiments, a projection
apparatus that moves amounted lens to a reference position in
accordance with the mounted lens when a lens is changed can
be provided.

On the other hand, when the switch of determining the
mount of the lens changes from ON to OFF or the lens cover
orthe door opens, the movement of the lens holding apparatus
113 is possible. In this time, since there is also a case where
the lens information of the lens that is to be subsequently
mounted is unidentified, it may also be moved to a position
where the projection apparatus 101 previously holds the lens,
such as a shift position of vertically 50% and horizontally 0%
or a shift position of vertically and horizontally 0% that is the
most basic position. If the lens information of the lens that is
to be subsequently mounted can be determined, the process-
ing similar to that of Embodiment 2 is performed.

The flow represented by FIG. 3 or FIG. 13 may be per-
formed by each hardware illustrated in FIG. 1, but the effect
of'the present invention can also be obtained even when each
processing is performed by a processor such as a CPU in
accordance with a program.

While the present invention has been described with refer-
ence to exemplary embodiments, it is to be understood that
the invention is not limited to the disclosed exemplary
embodiments. The scope of the following claims is to be
accorded the broadest interpretation so as to encompass all
such modifications and equivalent structures and functions.

This application claims the benefit of Japanese Patent
Application No. 2011-041179, filed on Feb. 28, 2011, and
Japanese Patent Application No. 2011-272641, filed on Dec.
13, 2011, which are hereby incorporated by reference herein
in their entirety.

What is claimed is:

1. A projection apparatus comprising:

an image display element configured to display an image;

a holder configured to detachably hold a projection lens
that projects image light from the image display ele-
ment;

a shift unit configured to shift the holder in a direction
vertical to an optical axis of the projection lens held by
the holder;

a detector configured to detect whether the projection lens
held by the holder is interchanged; and

a determination unit configured to determine, when the
detector detects that the projection lens is interchanged,
whether the image light from the image display element
is off an image circle of a mounted projection lens,

wherein the shift unit moves, when the determination unit
determines that the image light is off the image circle of
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the mounted projection lens, the mounted projection
lens so that the image light is in the image circle.

2. The projection apparatus according to claim 1, wherein
the shift unit does not move the mounted projection lens when
the determination unit determines that the image light is in the
image circle of the mounted projection lens.

3. The projection apparatus according to claim 1, wherein
the shift unit moves the mounted projection lens so that the
image light is in the image circle so as to perform a Keystone
correction of a projection image based on a predetermined
parameter table.

4. The projection apparatus according to claim 1, wherein
lens information of the mounted projection lens is stored in a
storage unit that is provided in the mounted projection lens.

5. A projection apparatus comprising:

an image display element configured to display an image;

a holder configured to detachably hold a first projection
lens that projects image light from the image display
element;

a shift unit configured to shift the holder in a direction
vertical to an optical axis of the first projection lens held
by the holder;

a detector configured to detect whether a second projection
lens is mounted in place of the first projection lens; and

a determination unit configured to determine, when the
detector detects that the second projection lens is
mounted, whether the image light from the image dis-
play element is off an image circle of the second projec-
tion lens,

wherein the shift unit moves, when the determination unit
determines that the image light is off the image circle of
the second projection lens, the second projection lens so
that the image light is in the image circle of the second
projection lens.

6. The projection apparatus according to claim 5, wherein

the shift unit does not move the second projection lens when
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the determination unit determines that the image light is in the
image circle of the second projection lens.

7. The projection apparatus according to claim 5, wherein
the shift unit moves the second projection lens so that the
image light is in the image circle of the second projection lens
s0 as to perform a Keystone correction of a projection image
based on a predetermined parameter table.

8. The projection apparatus according to claim 5, wherein
lens information of the second projection lens is stored in a
storage unit that is provided in the second projection lens.

9. A projection apparatus comprising;

an image display element configured to display an image;

a holder configured to detachably hold a projection lens
that projects image light from the image display ele-
ment;

a shift unit configured to shift the holder in a direction
vertical to an optical axis of the projection lens held by
the holder;

a detector configured to detect whether the projection lens
held by the holder is interchanged; and

a controller configured to, when the detector detects that
the projection lens is interchanged, control the shift unit
so that the shift unit moves the holder at a reference
position.

10. The projection apparatus according to claim 9, wherein
the shift unit does not move the mounted projection lens when
the image light is in an image circle of the mounted projection
lens.

11. The projection apparatus according to claim 9, wherein
the shift unit moves the mounted projection lens so that the
image light is in the image circle so as to perform a Keystone
correction of a projection image based on a predetermined
parameter table.

12. The projection apparatus according to claim 9, wherein
lens information of the mounted projection lens is stored in a
storage unit that is provided in the mounted projection lens.
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